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1. Introduction
 
   In this modern world, along with development of 
new technologies, new pathogenic infections are also 
emerging. Antimicrobial compounds have drawn attention 
of many pharmacologists and are now becoming one of 
major areas of research. It is well known that plants with 
medicinal properties are rich source of these antimicrobial 
compounds[1-21]. The properties of many such plants still 
remain unrevealed. One such is Borassus flabellifer (B. 
flabellifer) which belongs to family Arecaceae. This family 
has gained lot of importance in both its commercial and 
nutritive value. In nutritive aspects, fruits and root tubers 
are well rich in many types of nutrients such as sugars, 
calcium and iron and also phytochemicals. The male 
flowers have been found to have analgesic and antipyretic 
properties[22]. They are also found to have anti-diabetogenic 
activities[23]. The shoot is cut and sap, collected and stored 
in earthen pots (called pathaneer in tamil) to produce a 
refreshing drink which is mainly consumed during summer 
for its cooling property. In case of commercial value, many 
parts including the leaves and barks are very useful. Leaves 
are used for weaving, thatch making, as a writing surface 
and in making hat and baskets. Wood is considered to 
be termite resistant and hence it is used in construction 
works. The stem has horny edges and hence it can be used 
as fencing. The coconut flour is rich in carbohydrates and 
it also has antimicrobial properties due to the presence of 
high amount of lauric acid in it[24]. The juice obtained from 
the flowering stalks of B. flabellifer is used for the treatment 
of diabetes[25]. It is the national fruit of Cambodia and is well 
cultivated in the Indian subcontinent and south east Asian 
countries as it requires dry, tropical weather. Its palm fruit 
is a rich source of vitamins and minerals. The tender fruit 
pulp is very sweet and it acts as a natural coolant. The fruit 
pulp can be used to treat skin diseases like dermatitis. It is 
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Objective: To detect preliminary phytochemicals and antimicrobial activity of seed coat of 
Borassus flabellifer (B. flabellifer) against some human pathogens.
Methods: The antimicrobial activity of the organic solvent extracts of seed coat of B. flabellifer 
against various test microorganisms including bacteria and fungi was investigated using agar well 
diffusion technique.
Results: The preliminary phytochemical screening of the aqueous, methanoic and ethanolic 
extracts of seed coat of B. flabellifer revealed the presence of certain phytochemicals like tannins, 
flavonoids, saponins, glycosides and terpenoids. The zone of inhibition of methanolic extracts 
varied from 16 to 23 mm where as with ethanol extracts from 14 to 23 mm and aqueous extracts 
from 10 to 15 mm at 50 mg/mL concentrations. Among all tested organisms, Aspergillus brasiliensis 
and Bacillus subtilis showed a higher rate of inhibition with ethanolic and methanolic extracts of B. 
flabellifer.
Conclusions: B. flabellifer exhibited higher rate of growth inhibition against some human 
pathogens, so it can be used for treatment of some infectious diseases. Further studies are being 
carried out to separate and purify the individual compounds that are present in seed coat of B. 
flabellifer by using various chromatographic techniques.
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said to have anti-oxidant and anti-inflammatory properties. 
It is also used to treat nausea and vomiting. The young male 
and female flowers of the plant produces a sugary sap called 
toddy. Toddy is fermented to produce a beverage called 
arrack and is also used to produce jaggery. The sap can also 
be used as a laxative and is also used in the treatment of 
ulcers and liver problems[26]. The juice obtained by excision 
of the spadix is cooling, stimulant, anti-phlegmatic and 
useful in inflammatory dropsy. Due to the cooling effects 
of palm jaggery, it is of high value. It is a good source of 
minerals like calcium, phosphorus and iron[27]. The ashes 
of the flowering stalks are antiperiodic and it is useful in 
enlarged spleen. It is a good antacid in heartburn. Young 
roots are diuretic and anthelmintic, and its decoction is 
given for certain respiratory diseases[27,28]. B. flabellifer is 
a good source of carbohydrate, calcium, magnesium, iron, 
and fiber but, limited in fat and protein. Further research 
is needed to exploit its full potential that may influence its 
extensive consumption. Therefore, the present study was 
carried out to evaluate the antimicrobial activity of seed coat 
of B. flabellifer extracted using different solvents. 
2. Material and methods
2.1. Plant material collection
   B. flabellifer tender seeds were collected from local 
market, Coimbatore District, Tamil Nadu (Figure 1). It was 
peeled and seed coats were washed with distilled water 
and then dried under shade. The shade dried seed coats 
were powdered and stored in air tight plastic bags for 
solvent extraction. The dried powders were stored at room 
temperature (28依2) °C in order to be used conveniently in the 
study.
Figure 1. Tender seed and seed coat of B. flabellifer Linn.
2.2. Preparation of plant extract
   For extraction of phytochemicals, the solvent systems used 
for the extractions were water, ethanol and methanol. About 
10 g of the powdered samples was soaked in the conical 
flask containing solvents (100 mL), wrapped with aluminum 
foil and placed in rotary shaker at 120-130 r/min for 7 d. The 
extracts were filtered using Whatman No. 1 filter paperx. 
The solvent was evaporated and the residue was dissolved in 
sterile dimethylsulfoxide. Then, the obtained concentrated 
samples were stored in sterile capped bottles under 
refrigeration condition (4 °C) prior to use for further studies. 
2.3. Preliminary phytochemical screening
   The phytoconstituents present in the solvent extracts of B. 
flabellifer were determined qualitatively with the help of the 
standard protocols described by Harborne[29] and Sofowora[30].
2.3.1. Test for flavonoids
   Different extracts (0.1 mL) were taken and made upto 5 mL 
with distilled water, after which 0.3 mL of sodium nitrate 
was added and incubated for 5 min at room temperature. 
Then, 3 mL of 10% aluminium chloride was added which is 
incubated for 6 min at room temperature. Finally, 2 mL of 
1 mol/L NaOH was added. The formation of yellow colour 
indicates the presence of flavonoids.
2.3.2. Test for glycosides
   The extracts were dissolved in glacial acetic acid and 
then the same amount of FeCl3  dissolved in concentrated 
sulphuric acid was added along the sides of the test tube 
and allowed to settle at the bottom. Formation of brown ring 
at the interface indicates the presence of glycosides.
2.3.3. Test for saponins
   About 2 mL of the filtrate was mixed with 1 mL of distilled 
water and shaken vigorously for about 30 seconds. It was 
allowed to stand for few minutes and was mixed with 3 drops 
of olive oil and shaken vigorously. Formation of emulsion 
indicates the presence of saponins.
2.3.4. Test for tannins
   A few drops of 0.1% ferric chloride were added to about 1 mL 
of the extracts and it was observed for brownish green or a 
blue-black coloration.
2.3.5. Test for terpenoids
   To 1 mL of the extracts, 2 mL of chloroform was added 
followed by the addition of 5 mL of concentrated sulphuric 
acid along the sides of the test tubes. Formation of a reddish 
brown coloration in the interphase indicates the presence of 
terpenoids.
2.4. Test microorganisms
   For antimicrobial studies, Klebsiella pneumonia-MTCC 
109 (K. pneumonia), Pseudomonas aeruginosa-MTCC 424 
(P. aeruginosa), Staphylococcus aureus-MTCC 737 (S. 
aureus), Bacillus subtilis-MTCC 121 (B. subtilis), Aspergillus 
fumigatus-MTCC 343 (A. fumigatus), Aspergillus brasiliensis-
MTCC 1344 (A. brasiliensis) and Candida albicans-MTCC 227 
(C. albicans) were procured from the Microbial Type Culture 
Collection (MTCC), IMTECH (Institute of Microbial Technology), 
Chandigarh, India and stored at -20 °C for further studies.
2.5. Preparation of the inoculum
   Overnight cultures of each microbial pathogen were 
inoculated in nutrient broth for four bacterial pathogens such 
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as K. pneumonia, P. aeruginosa, S. aureus and B. subtilis 
and Czapek yeast extract agar for fungus-A. fumigatus, A. 
brasiliensis) and Malt yeast agar for C. albicans. All these test 
organisms were incubated in favorable conditions.
2.6. Antibacterial and antifungal properties of seed coat 
extract of B. flabellifer against some human pathogens
   The effect of seed coat extracts of B. flabellifer against 
the growth of few human pathogens was studied using agar 
well diffusion method. Nutrient agar, Malt yeast agar and 
Czapek yeast extract agar were streaked with the overnight 
grown culture of respective bacteria and fungi. Wells were 
made in all the plates using a well puncher. The seed coat 
extracts (aqueous, ethanol and methanol) were prepared 
at a concentration of 50 mg/mL. Different extracts (25 µL) 
were added to the wells and are allowed to diffuse into 
them. Wells were also made for the controls in each of the 
plates. The controls used were antibiotics (streptomycin 
and nystatin) at concentration of 50 mg/mL. For bacteria, 
the plates were incubated at 37 °C for 24 h and for fungi the 
plates were incubated at (28依2) °C for 72 h. The diameter of 
the zone of inhibition was measured in mm. Triplicates were 
maintained and readings were taken for all the plates and 
the average values were recorded.
3. Results
3.1. Preliminary phytochemical screening from seed coat 
extract of B. flabellifer
   The preliminary phytochemical screening of the aqueous, 
methanoic and ethanolic extracts of B. flabellifer revealed 
the presence of certain phytochemicals like tannins, 
flavonoids, saponins, glycosides and terpenoids (Table 
1). The presence of these compounds may account for the 
antimicrobial activities of these extracts against few bacteria 
and fungi which have been tested in this study. 
Table 1
Phytochemical screening of seed coat extracts of B. flabellifer.
Phytochemical constituent Ethanol Methanol Aqueous
Tannins + + +
Saponin + + +
Flavonoids + + +
Terpenoids + + +
Glycosides + + +
+: Presence of the phytochemical constituents; -: Absence of the 
phytochemical constituents.
3.2. Antibacterial and antifungal activity of seed coat extracts 
of B. flabellifer
   The antimicrobial potential of these extracts (aqueous, 
methanol and ethanol) were evaluated by measuring the 
diameter of the zone of inhibition against the pathogens. The 
results obtained in mm were compared with the standards 
viz., streptomycin (50 mg/mL) and nystatin (50 mg/mL). 
The results showed that all the extracts were capable of 
exhibiting antimicrobial activity. Among all these extracts, 
ethanolic extract showed the maximum antimicrobial 
activity followed by methanolic and then aqueous extract 
of B. flabellifer. The results of antibacterial and antifungal 
activity are showed in Figures 2 and 3.
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Figure 2. Antibacterial activity of seed coat extracts of B. flabellifer.
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Figure 3. Antifungal activity of seed coat extracts of B. flabellifer.
4. Discussion
   According to the present study, the preliminary 
phytochemical screening tests were done for three extracts 
of B. flabellifer. The tests revealed the presence of saponins, 
tannins, flavonoids, glycosides and terpenoid. The preliminary 
screening tests may be useful in the detection of the bioactive 
compounds and subsequently may lead to drug discovery 
and development. In antibacterial and antifungal studies, 
the ethanol extract of seed coat of B. flabellifer showed 
maximum inhibition against A. brasiliensis and B. subtilis with 
the diameter of 22 mm and 23 mm respectively. Methanolic 
extract also showed similar inhibition against B. subtilis 
(23 mm). The aqueous extracts revealed minimum and 
restricted antimicrobial activity against all pathogens (10-
15 mm) whereas the methanolic extract showed moderate 
inhibition to the pathogens (16-23 mm). The aqueous extract 
showed moderate activity against the all test organisms. But in 
the present study, a significant increase in the antimicrobial 
activity was observed in the ethanolic extract when compared 
to the aqueous extract. This may be due to the presence of 
more amounts of antimicrobial compounds (phytochemicals) in 
the ethanolic extract. This shows that ethanol is one of the best 
solvents for extraction of phytochemicals. The earlier studies 
of the antibacterial activity of the root extract of B. flabellifer 
has showed that the maximum zone of inhibition (14 mm) of 
the root extract was observed against K. pneumonia[31]. In the 
present study, the zone of inhibition formed against the same 
organism was 18 mm. The increase in the diameter of the zone 
was due to the higher concentration of the extracts (50 mg/mL) 
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used in this study. This reveals that as the concentration of the 
extracts increases, its antimicrobial activity also increases.
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